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I.  UBBELOHDE  VISCOSIMETER 

The  short-tube  viscosimeters  in  common  use  with  lubricating 
oils  are  not  well  adapted  to  measure  viscosities  approaching  that 
of  water,  because  changes  in  viscosity  have  too  slight  an  influence 
upon  the  time  of  flow.  For  example,  with  the  Engler  instrument, 
the  time  for  gasoline  at  io°  C  (500  F)  was  found  to  be  48.7 
seconds,  and  at  50 °  C  (1220  F)  it  was  46.1  seconds.  For  water  the 
corresponding  times  were  54.2  and  47.7  seconds.1  It  will  be  seen 
that  for  smaller  changes  in  temperature  it  might  be  difficult  to 
detect  any  change  in  viscosity. 

According  to  Ubbelohde  2  all  grades  of  kerosene  show  a  viscosity 
of  from  1  to  1.05  Engler  degrees.  Taking  the  average  time  for 
water  at  200  C  (68°  F)  as  51  seconds,  this  statement  shows  that 
the  time  for  kerosene  is  from  51  to  53.5  seconds,  a  variation 
hardly  greater  than  the  experimental  error. 

The  Engler,  as  well  as  the  Saybolt  Universal  viscosimeter,  has 
an  outlet  tube  only  7  diameters  in  length,  and  it  is  necessary  to 
employ  a  longer  tube  in  order  to  obtain  an  instrument  more 
sensitive  to  changes  in  viscosity.  A  special  viscosimeter  for 
illuminating  oils  was  suggested  by  Engler  and  constructed  by 
Ubbelohde.  Although  Lockhart3  refers  to  it  as  the  Engler- 
Ubbelohde  viscosimeter,  it  seems  preferable  to  call  it  simply  the 
Ubbelohde  viscosimeter  to  more  clearly  distinguish  it  from  the 

1 W.  H.  Herschel,  Bureau  of  Standards  Technologic  Paper  No.  100,  p.  23;  1917.    This  paper  will  be 
referred  to  subsequently  simply  as  T.  P.  100. 
2  L.  Ubbelohde,  Petroleum,  4,  p.  861;  1906. 
*L.  B.  Ivockhart,  American  Lubricants:  p.  214;  1918. 
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Engler  instrument  for  lubricating  oils  which  was  improved  by 
Ubbelohde. 

The  Ubbelohde  viscosimeter  is  similar  to  the  Engler  in  having 
a  large,  shallow  container.  It  differs  in  the  dimensions  of  the 
outlet  tube,  and  in  being  provided  with  an  overflow  pipe  to 
determine  the  initial  level  of  the  liquid,  instead  of  gage  points  as 
in  the  Engler  instrument.  Viscosities  are  expressed  in  Ubbelohde 
degrees,  obtained  by  dividing  the  time  of  discharge  for  the  oil  by 
the  "water  rate"  or  efflux  time  for  ioo  cm3  of  water  at  200  C 
(68°  F).  Since  water  does  not  readily  wet  the  surface  of  the 
container,  especially  after  it  has  been  previously  filled  with  oil, 
the  overflow  can  not  be  used  to  bring  the  water  level  to  the  cor- 
rect elevation.  The  following  method  is  therefore  employed  in 
determining  the  water  rate:  A  sufficient  amount  of  alcohol  is 
poured  into  the  container  so  that  a  surplus  runs  out  of  the  over- 
flow. When  the  flow  has  ceased  the  container  is  emptied  by  pull- 
ing a  skewer  out  of  the  top  of  the  outlet  tube  (just  as  in  starting 
the  flow  in  an  Engler  instrument) ,  and  the  volume  of  alcohol  held 
in  the  container,  below  the  level  of  the  overflow,  is  measured. 
This  same  volume  of  water  must  be  poured  into  the  container 
when  finding  the  water  rate.  If  an  excess  of  water  is  used,  there 
is  a  tendency  for  it  to  cling  to  the  overflow  pipe,  above  the  level 
of  the  liquid  in  the  container,  and  thus  to  make  the  effective  head 
too  great. 

Table  1  contains  the  standard  dimensions  of  the  Ubbelohde 
viscosimeter,4  together  with  the  dimensions  of  two  instruments  of 
the  Bureau  of  Standards. 

TABLE  1. — Dimensions  of  Ubbelohde  Viscosimeters 


Dimension 


Inner  diameter  of  outlet  tube,  at  top. 

Inner  diameter  of  outlet  tube,  at  bottom 

Outside  diameter  of  outlet  tube,  at  bottom,  d\. 

Length  of  outlet  tube,  I 

Diameter  of  container,  D 

Outside  diameter  of  overflow  pipe,  di 

Initial  head  on  bottom  of  outlet  tube,  h 

Average  head,  calculated 

Water  rate,  seconds 

Capacity  of  container,  cubic  centimeter 


Normal 


cm 

0.125 
.125 
1.0 
3.0 
10.5 


4.6 
3.992 
200. 


Tolerance 


cm 

±0.001 

±  .001 

±  .05 
±  .01 

±  .10 


±  .01 


±4.0 


Bureau  of  Standards 
instruments 


No.  21 


cm 
0. 1311 
.1282 
.9 
2.934 
10.  579 
.67 
4.545 
3.950 
199.9 
132. 


No.  22 


cm 

0. 1306 

.1277 

.9 

3.068 

10.  576 

.68 
4.702 
4.104 
198.6 
132. 


*  L.  Ubbelohde,  loc.  cit. 
ler.  p.  56;  1915- 


Also  D.  Holde,  The  Examination  of  Hydrocarbon  Oils,  translated  by  E.  Muel- 
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Except  for  d2  Table  1  contains  the  corresponding  dimensions 
which  are  prescribed  for  the  Kngler  and  Saybolt  viscosimeters. 
The  average  head  was  calculated  from  the  equation 

h-h2 

where  hx  and  h2  are  the  initial  and  final  heads,  respectively.  Since 
100  cm3  are  discharged  from  the  viscosimeter  during  a  test,  it 
follows  that — 

~(D*-d2>)  (^-W- 100-fi  (2) 

4 

provided  that  the  surface  of  the  liquid  remains  in  the  cylindrical 
part  of  the  container  at  the  end  of  run.  The  depth  of  this  cylin- 
drical part,  below  the  overflow,  is  1.3  cm,  in  an  instrument  of 
normal  dimensions,  and  as  the  surface  of  the  liquid  falls  a  distance 
h1  —h2  equal  to  1.16  cm,  equation  (2)  will  apply.  From  a  com- 
parison of  equations  (1)  and  (2)  it  is  evident  that  d2  must  be  used 
to  determine  h  and  that  its  value  should  be  specified. 

Of  less  importance  is  the  dimension  d1  which  is  supposed  to  limit 
the  resistance  due  to  surface  tension,  as  with  the  Engler  viscosim- 
eter where  the  jet  spreads  out  over  the  whole  end  surface  of  the 
outlet  tube.  It  would  appear,  however,  that  no  tolerance  need 
be  specified  with  a  value  of  dt  as  large  as  1  cm,  as  slight  variations 
in  size  would  have  no  effect. 

II.  DETERMINATION    OF    VISCOSITY    IN    POISES    BY    THE 
UBBELOHDE  VISCOSIMETER 

Holde  recommends  that  a  glass  viscosimeter  should  be  used  if 
it  is  desired  to  obtain  viscosity  in  absolute  units ;  that  is,  in  poises. 
Ubbelohde,  on  the  other  hand,  says  that  he  has  encountered  so 
many  difficulties  in  using  these  instruments  that  they  can  not  be 
recommended  for  technical  purposes.  It  is  of  course  realized  that 
the  Ubbelohde  instrument  is  not  so  accurate  as,  for  example,  the 
Bingham  viscometer,5  but  it  is  believed  that  for  petroleum  prod- 
ucts, which  are  not  definite  chemical  compounds,  and  hence  are 
not  strictly  reproducible,  the  Ubbelohde  viscosimeter  gives  suf- 
ficiently accurate  results. 

The  purely  arbitrary  unit,  the  Ubbelohde  degree,  should  not  be 
confused  with  the  Engler  degree,  which  is  another  purely  arbitrary 
time  ratio.     If  viscosities  are  expressed  in  poises,  all  confusion  is 

5  E.  C.  Bingham  and  R.  F.  Jackson,  Scientific  Paper  No.  298,  Bureau  of  Standards,  p.  64;  191 7. 
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avoided,  since,  within  the  limits  of  experimental  error,  viscosities 
will  have  the  same  value  no  matter  by  what  instrument  they  are 
obtained.  It  therefore  seemed  desirable  to  determine  an  equation 
for  calculating  the  viscosity  in  poises  from  the  time  of  discharge 
with  the  Ubbelohde  viscosimeter. 

It  has  been  shown  in  previous  papers  6  that  for  any  efflux  vis- 
cosimeter in  which  the  pressure  causing  flow  is  due  wholly  to  the 
head  of  the  liquid  whose  viscosity  is  to  be  measured, 

.  .'         viscosity  in  poises  B 

kinematic  viscosity  =  -5 7— — - =At——  (i) 

J      density,  g  per  cm3  t  w/ 

where 

__wgd%___  (4) 

i28<2(/+X) 
and 

__gm_  •  (5) 

8tt(/  +  X) 

in  which  m  is  the  coefficient  of  the  kinetic  energy  correction  and 
X  is  the  "Couette  correction"  which  is  necessitated  by  end  effects 
other  than  acceleration.  A  and  B  may  be  calculated  if  m  and  X 
are  determined,  since  all  other  quantities  may  be  taken  from 
Table  1. 

There  are  two  convenient  methods  for  finding  the  instrumental 
constants  A  and  B.     In  Higgins's  method  the  kinematic  viscosity 

divided  by  the  time  in  seconds  —  is  plotted  against  ■=•    This  gives 

a  straight  line  whose  point  of  intersection  with  the  axis  of  ordinates 
gives  the  value  of  A .  The  tangent  of  the  acute  angle  between  the 
line  and  the  axis  of  abscissas  gives  the  value  of  B. 

In  Herschel's  method  jx1  represents  the  uncorrected  viscosity 

wgd4yht       gd2yh 

128*3/  321;/ 

i)d*/ 
where  v  is  the  mean  velocity  of  flow.    Then is  plotted  against 

r' 

£-  (the  ratio  of  uncorrected  viscosity  to  the  true  viscosity  obtained 

M 

under  such  conditions  that  m  and  X  are  negligible) ,  and  finally, 

for  the  case  when  these  quantities  can  not  be  neglected,  they  may 

be  obtained  by  the  equations 

m=-r^-„  (6) 

d  tan  d 


-(;-'-) 


6W.  H.  Herschel.  Bureau  of  Standards,  Technologic  Paper  No.  112,  p.  9;  1918.     This  paper  will  be 
referred  to  subsequently  simply  as  T.  P.  112.     Proceedings  A.  S.  T.  M..  18  (II)  p.  363;  1918. 
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where  6  is  the  angle  between  the  calibration  curve  and  the  axis  of 

abscissas,  and  —  in  equation  (7)  is  the  value  read  at  the  point 

where  the  calibration  curve,  extended,  intersects  the  axis  of  ab- 
scissas. 

TABLE  2.— Times  of  Discharge  for  Ubbelohde  Viscosimeters 


Liquid 

Tempera- 
ture 

Instrument  No.  21 

Instrument  No.  22 

Series  1 

Series  2 

Series  1 

Series  2 

Distilled  water 

°C 

5 

10 

15 

20 

Seconds 
246.6 
225.3 
214.5 
200.6 

Seconds 

Seconds 
245.3 
223.4 
210.2 
198.8 

Seconds 

199.2 

198.3 

25 

190.5 

190.5 

189.4 

190.8 

30 

186.0 

182.1 

181.6 

181.7 

35 

181.5 

175.8 

174.8 

174.9 

40 

172.6 

171.4 

170.3 

168.2 

45 

169.6 

165.5 

164.3 

164.8 

10  per  cent  ethyl  alcohol  solution 

50 

0 

167.2 
450.0 
370.4 

161.2 
401.4 
338.9 

162.1 
391.4 
331.4 

162.8 
396.4 
336.9 

5 

10 

339.6 

301.7 

289.6 

294.1 

15 

286.5 

267.1 

263.8 

260.8 

20 

256.8 

242.8 

240.2 

240.7 

25 

243.0 

225.5 

224.8 

223.2 

30  per  cent  ethyl  alcohol  solution 

30 
0 
5 

222.6 

784.6 
608.7 

212.2 

211.4 
721.8 
579.9 

207.2 

602.8 

593.2 

10 

515.5 

525.8 

468.1 

513.8 

15 

421.2 

409.0 

398.0 

399.8 

20 

364.4 

345.3 

347.1 

343.3 

25 

318.0 

306.0 

304.2 

302.7 

50  per  cent  ethyl  alcohol  solution 

30 
0 
5 

285.7 
798.8 
699.6 

275.5 

276.0 
812.0 
743.5 

272.5 

692.4 

670.0 

10 

575.0 

566.2 

561.0 

547.6 

15 

485.5 

512.0 

496.2 

501.6 

20 

438.4 

447.5 

417.4 

445.6 

25 

382.6 

339.5 

340.3 

336.1 

20  per  cent  sucrose  solution 

30 
0 
5 
10 
15 
20 
25 
30 

10 
15 
20 
25 
30 

316.2 
418.6 
376.2 
330.7 
292.5 
267.3 
249.9 
243.7 

1,075.0 
790.0 
645.6 
555.0 

477.4 

319.2 

304.6 
425.0 
377.5 
327.1 
289.2 
263.2 
245.7 
234.0 

1, 140. 0 
801.5 
649.5 
581.8 
492.6 

306.0 

40  per  cent  sucrose  solution 
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Table  2  gives  times  of  discharge  of  various  liquids  of  known 
viscosity.  Examination  of  this  table  shows  that  the  tests  with 
instrument  No.  2 1 ,  in  series  1 ,  showed  in  nearly  every  case  higher 
values  than  in  either  of  the  other  three  columns.  It  is  believed 
on  this  account  that  the  tests  of  series  2  are  probably  the  more 
accurate. 

In  plotting  Higgins's  diagram,  Fig.  1,  from  the  data  of  Table  2, 
the  tests  with  sucrose  solutions  were  omitted.  With  the  Say  bolt 
viscosimeter,7  which  has  a  shorter  outlet  tube,  it  was  found  that 
the  sucrose  solutions,  on  account  of  their  higher  surface  tension, 
gave  an  appreciably  different  calibration  curve  than  that  obtained 
with  the  alcohol  solutions,  and  that  the  latter  curve  was  prefer- 
able. With  the  Ubbelohde  viscosimeter  the  effect  of  differences 
in  surface  tension  could  not  be  detected,  so  that  there  would  be 
no  objection  to  the  use  of  distilled  water  on  account  of  its  high 
surface  tension.  Fig.  1  gives  no  indication  of  a  bend  in  the  cali- 
bration curve.  This  indicates  that  the  critical  velocity  was  not 
exceeded,  and  removes  the  last  possible  objection  to  distilled 
water  as  a  calibrating  liquid. 

Fig.  2  shows  a  Herschel  diagram  on  which  only  tests  with  water 
and  sucrose  solutions  are  plotted,  the  tests  with  alcohol  solutions 
being  omitted  to  avoid  confusion.  Here  also  there  is  no  indica- 
tion of  a  bend  in  the  calibration  curve.  It  should  be  remembered 
that  in  Fig.  1  no  correction  could  be  made  for  variations  in  dimen- 
sions of  instruments,  so  that  a  greater  lack  of  agreement  would 
be  expected  between  tests  on  different  viscosimeters  than  in  Fig.  2, 
provided  that  the  dimensions  are  accurately  measured.  In  pre- 
vious work  with  the  Engler  and  Saybolt  viscosimeters  it  was 
possible  to  look  down  the  outlet  tubes  with  a  microscope  and 
measure  the  inside  diameter  at  the  middle  of  the  tubes.  This 
was  not  possible  with  the  smaller  tubes  of  the  Ubbelohde  viscosi- 
meters, and  the  uncertainty  in  the  assumption,  made  in  calcu- 
lating the  average  diameter,  d,  that  there  was  a  uniform  taper 
from  one  end  to  the  other  of  the  outlet  tubes  is  a  strong  objection 
to  the  use  of  such  small,  metallic  tubes  for  very  accurate  measure- 
ments. The  Herschel  method  has  the  advantage  that  values  of 
X  and  m  are  determined,  and  with  increasing  knowledge  of  the 
possible  range  of  these  quantities,  their  determination  will  become 
a  check  of  increasing  value. 

7  T.  P.  112,  p.  12. 
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Fig.  i. — Calibration  curve  of  Ubbelohde  viscosimeter  by  Higgin's  method 
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By  using  the  average  dimensions  of  instruments  Nos.  21  and  22, 
from  Table  1 ,  together  with  equations  (3)  to  (5) ,  the  formula  was 
obtained, 


ju     0.00027x73        3.9789  m 


t- 


y       3.001 +X         (3.001  +  \)  t 


(8) 


tsoo 
I4oo 

ISOO 

/zoo 
/too 
fooo 
900 
eoo 
700 

600 
Soo 
400 
Zoo 
zoo 
too 


t.O      t.Z        iA       /.6       18      2.0     2.2      2.4      2.6      2.8 

Fig.  2. — Calibration  curve  of  Ubbelohde  viscosimeter  by  Herschel's  method 

The  method  of  least  squares  was  used  for  locating  the  calibration 
curve  on  Fig.  2,  m  and  X  were  determined  by  means  of  equations 
(6)  and  (7) ,  and  finally  A  and  B  were  calculated  from  equation  (8) . 
Tests  on  sucrose  solutions  were  not  included  in  these  calculations, 
results  of  which  are  given  in  Table  3. 
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TABLE  3. — Determination  of  Instrumental  Constants  by  HerschePs  Method 


Test  series  No. 

I 

X 

X 
d 

tan  d 

m 

A 

B 

1 

1.0062 
1.0214 

0.0186 
.0642 

0.144 
.497 

628.7 
670.4 

1.179 
1.107 

0.0000900 
.0000887 

1.554 

2 

1.438 

Since 


-&W,+§J) 


(9) 


and  -  for  water  at  200  C  (68°  F)  is  equal  to  0.010068,  the  water 
7 

rates  corresponding  to  any  assumed  values  of  A  and  B  may  be 
easily  calculated.  The  values  thus  obtained  from  lines  (1)  and 
(2)  of  Table  3  were,  respectively,  198.8  and  197.2,  which  agree 
fairly  well  with  the  water  rates  found  experimentally  and  given 
in  Table  1 . 

If  series  (2)  is  taken  as  the  more  accurate,  the  equation  for  cal- 
culating viscosity  from  time  of  discharge  of  instruments  Nos.  21 
and  22  becomes 

kinematic  viscosity  =  1 -. — - — =  0.0000887  t  —   —     (10) 

density,  g  per  cm3  t 

where  t  is  the  time  in  seconds.     The  calibration  curves  of  Figs. 

1  and  2  were  drawn  to  agree  with  this  equation. 

III.  EQUATIONS   FOR   INSTRUMENTS    OF   STANDARD 

DIMENSIONS 

It  will  be  noted  from  Table  1  that  instruments  Nos.  21  and  22 
have  approximately  the  normal  water  rate  of  200  seconds,  but 
that  the  average  diameter  of  the  outlet  tube  is  not  very  close  to 
the  specified  value  of  0.125  cm.  Therefore  one  of  these  values 
must  be  abandoned,  and  it  has  appeared  preferable  to  adopt  for 
d  a  normal  value  of  0.129  wi*n  Ubbelohde's  tolerance  of  ±0.001 
in  order  to  keep  the  water  rate  as  close  as  possible  to  the  specified 
values.  It  may  be  assumed  that  such  slight  changes  in  dimen- 
sions will  not  change  -  nor  m  and  that  these  values  will  be  the 
a 

same  as  found  by  experiment.  Table  4  gives  all  suggested  di- 
mensions, with  tolerances  in  general  of  the  same  magnitude  as  in 
Table  1. 
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TABLE  4. — Suggested  Dimensions  for  Ubbelohde  Viscosimeters 


Maxi- 
mum 


Normal 


Mini- 
mum 


Average  inner  diameter  of  outlet  tube,  d 

Outside  diameter  of  outlet  tube,  at  bottom,  d\. 

Length  of  outlet  tube,  / 

Diameter  of  container,  D 

Outside  diameter  of  overflow  pipe,  d 2 

Initial  head  on  bottom  of  outlet  tube,  h 

Average  head  calculated 


cm 

0.130 


3.01 

10.6 

.71 

4.61 

4.014 


cm 

0.129 
1.0 
3.00 
10.5 
.70 
4.60 
3.992 


cm 

0.128 


2.99 
10.4 
.69 
4.59 
3.970 


Selecting  the  dimensions  to  make  the  time  of  discharge  a  maxi- 
mum, and  with  -  equal  to  0.397  and  m  equal  to  1.107,  the  equa- 

a 

tion  was  obtained 


£  =  0.0000834  t  ~  ^^ 
7  t 


(11) 


Similarly  with  normal  or  mean  dimensions 

^=0.0000868  Z-^?  (12) 

7  t  v     \ 

With  dimensions  tending  to  give  a  minimum  time  of  discharge 

fi  .     1.442  /     x 

-  =  0.0000903  t 2-^-  (13) 

7  t 

Table  5  was  calculated  from  equations  (11)  to  (13)  for  certain 
suitable  calibrating  liquids. 

TABLE  5. — Times  of  Discharge  Calculated  from  Dimensions  of  Table  4 


Liquid 

Time 

Maximum 

Normal 

Minimum 

Distilled  water 

°C 

20 
25 
20 
25 
20 
25 

°F 
68 

77 
68 
77 
68 

77 

Seconds 
204.8 
195.3 
385.0 
327.8 
417.8 
363.0 

Seconds 
199.0 
190.2 
371.8 
316.3 
403.0 
350.5 

Seconds 
193.8 

Do 

185.2 

30  per  cent  ethyl  alcohol  solution 

359.0 

Do 

306.4 

50  per  cent  ethyl  alcohol  solution 

389.0 

Do 

339.0 

It  will  be  seen  that  the  variation  in  water  rate  at  200  C  is  from 
205  to  194,  or  a  variation  of  11  seconds,  as  compared  with  8  sec- 
onds assumed  by  Ubbelohde.     In  view  of  the  difficulties  of  meas- 
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tiring  d  accurately,  since  Rapp's  8  most  accurate  method  applies 
only  to  a  glass  tube,  it  would  probably  be  advisable  to  make  I  as 
accurately  as  possible  and  then  ream  out  the  outlet  tube  until 
the  time  of  discharge  came  within  the  limits  of  Table  5. 

IV.  APPLICATIONS  OF  EQUATION  (10) 

Care  should  be  taken  not  to  apply  equation  (10)  above  the 
critical  velocity.  While  there  was  no  evidence  from  tests  that  the 
critical  velocity  had  been  reached,  it  may  be  estimated  as  fol- 
lows. The  ratio  of  length  to  diameter  of  the  outlet  tube  being 
23.2  it  may  be  expected  that  the  critical  velocity  would  occur 

i)d*Y 
when  "Reynolds's  criterion"  — -  was  between  2000  (the  value  for 

long  tubes)  and  800  (the  value  found  for  a  length  of  7  diameters) . 
Assuming  that  Reynolds's  criterion  is  equal  to  1400  at  the  critical 

velocity 

M       vd  00     .     1.438 

-= =0.0000887  / -*£- 

7     1400  t 

from  which,  since  ^  =  ^r  and  d  =  0.1294, 

it  may  be  calculated  that  t  is  equal  to  155  seconds.  Equation 
(10)  should  therefore  be  used  with  caution  when  the  time  of  dis- 
charge is  less  than  this  value. 

Fig.  3  shows  time  ratios  of  the  Ubbelohde  and  Engler  viscosi- 
meters  according  to  data  given  by  Eockhart,  tests  given  in  Table 
2  and  others  previously  published.9  The  curve  has  been  drawn 
as  calculated  by  equation  (10)  and  the  Engler  equation 

^  =  0.00147  *-3^!  (I4) 

for  points  below  the  critical  velocity  where  the  time,  Engler,  is 
56  seconds  or  over.  For  the  extreme  lower  end  of  the  curve, 
above  the  critical  velocity,  it  was  necessary  to  use  the  equation 10 

u  I    ^ 

^=0.000705/ — j±  (i5) 

It  will  be  seen  that  as  the  time  of  discharge  increases,  the  time 
ratio  increases,  and  from  the  values  of  A  in  equations  (10)  and 
(14)  it  may  be  calculated  that  the  time  ratio  has  a  constant  value 
of  16.6  when  the  kinetic  energy  correction  is  negligible. 

» I.  M.  Rapp,  Physical  Review,  2,  p.  369;  1913. 
»T.  P.  ioo,  p.  23. 

10  This  equation  was  calculated  at  the  same  time  as  equation  (14),  T.  P.  ioo,  p.  31,  but  has  not  previously- 
been  published. 
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V.  FLUIDITIES  OF  KEROSENES 
In  dealing  with  liquids  of  low  viscosity  it  is  more  convenient 
to  use  the  fluidity  —instead  of  the  viscosity  ju.     The  temperature- 
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Fig.  3. —Ratio  of  times  of  discharge  of  Ubbelhode  and  Engler  mscosimeters 

fluidity  curve  is  more  nearly  straight  than  the  temperature- 
viscosity  curve,  and  furthermore  by  the  use  of  fluidities  decimals 
are  avoided.  Table  6  shows  fluidities  of  kerosenes  calculated  by 
equation  (10)  from  data  of  Ubbelohde  and  Post.11 

11  Post's  Chemisch — Technische  Analyse,  1,  pp.  307,  318;  1908. 
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The  density  7  in  equation  (10)  must  of  course  be  referred  to  the 
density  of  water  at  40  C  (39.2 °  F),  and  should  not  be  confused 
with  the  specific  gravity.12 


TABLE  6. — Fluidities  of  Kerosenes 


Authority 

Liquid 

Specific 
gravity, 
15.6°  C 

Fluidity 
at  20°  C 

15.6°  C 

Ubbelohde 

Benzine . 

0.717 
.799 
.799 
.808 
.808 
.809 
.816 
.817 
.823 
.790 
.800 
.800 
.809 
.810 
.824 

(744.) 
61.6 

Do 

Kerosene  C 

Do 

52.8 

Do 

Kerosene  A 

94.9 

Do 

70.2 

Do 

52.8 

Do 

German  kerosene 

68.5 

Do 

Kerosene  F 

44.2 

Do 

55.3 

Post 

American  water-white  kerosene 

49.3 

Do 

42.1 

Do 

Russian  "meteor"  kerosene 

Galician  kerosene 

German  kerosene 

59.7 

Do 

44.3 

Do 

43.6 

Do 

Russian  "nobel"  kerosene 

47.3 

The  fluidity  of  benzine  in  the  first  line  of  the  table  is  evidently 
in  error.  Ubbelohde  gives  6.692,  which  is  apparently  a  mis- 
print for  0.692  as  given  by  Holde.  But  744  fluidity,  calculated 
from  0.692  Ubbelohde  degrees,  is  an  impossible  value,  since 
Bingham 13  has  shown  that  all  the  aliphatic  hydrocarbons,  of 
which  benzine  and  gasoline  are  mainly  composed,  have  a  fluidity 
of  only  about  500  at  the  boiling  point.  Part  of  the  error  may  of 
course  be  due  to  using  equation  (10)  in  the  calculation  because 
the  critical  velocity  is  exceeded. 

It  will  be  observed  that  there  is  considerable  variation,  among 
the  kerosenes,  in  the  fluidity  corresponding  to  a  given  specific 
gravity.  That  this  is  also  true  of  gasoline  is  indicated  by  Dean,14 
who  says  that  "specific  gravity  in  itself  is  of  very  slight  signifi- 
cance in  determining  the  properties  of  gasoline." 

13  The  following  publications  of  the  Bureau  of  Standards  are  helpful  in  making  conversions  between  the 
Baume  scale,  specific  gravity  and  density  of  oils  at  different  temperatures;  Circular  19,  Standard  Density 
and  Volumetric  Tables,  p.  43,  1916;  Circular  57,  U.  S.  Standard  Tables  for  Petroleum  Oils,  p.  53,  and  Sup- 
plementary Petroleum  Oil  Table  No.  5,  1916;  H.  W.  Bearce  and  E.  L.  Peffer,  Technologic  Paper  No.  77, 
p.  18,  1916. 

13  E.  C.  Bingham,  American  Chemical  Journal,  43,  p.  296;  1910. 

14  E.  W.  Dean,  Technical  Paper  166,  Bureau  of  Mines,  p.  11;  1917. 
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VI.  FLUIDITIES  OF  GASOLINES 

There  is  very  little  published  information  on  the  viscosity  or 
fluidity  of  gasoline.  Sorel 1B  gives  information  from  which  the 
viscosity  of  fuels  might  be  calculated,  but  all  of  them  are  more 
viscous  than  water.  Brewer 16  quotes  Sorel's  table  and  gives 
additional  data  of  his  own,  but  his  measurements  were  made  with 
tubes  of  insufficient  length.  Table  7  shows  fluidities  of  various 
gasolines  as  determined  by  the  Ubbelohde  viscosimeter  and  cal- 
culated by  equation  (10).  The  gasolines  are  numbered  in  the 
order  of  their  specific  gravities.  Fluidities  calculated  from  times 
of  discharge  less  than  155  seconds  have  been  marked  with  an 
asterisk  (*). 

TABLE  7. — Fluidities  of  Gasolines  at  Various  Temperatures 


Gasoline  No. 

Specific 
gravity 
15.5°C 

Temperature 

5°C 

15°C 

25°C 

35°C 

45°C 

15.6°C 

55°C 

1 

0.757 
.748 
.743 
.726 
.722 
.717 
.716 
.708 
.702 
.701 
.699 
.694 
.680 
.813 

145 
130 
129 
202 
189 
176 
197 
203 
233 
230 
233 
251 
288 
39 

166 
151 
156 
233 
219 
208 
217 
230 
261 
262 
269 
286 
323 
47 

193 
170 
185 
264 
244 
239 
256 
257 
296 
287 
306 
316 
365* 
61 

212 
194 
203 
293 
278 
277 
289 
298 
321 
333 
335 
354* 
413* 
71 

235 
214 
227 
324 
308 
295 
321 
332 
358* 
373* 
372* 
387* 
441* 
84 

262 

2 

243 

3 

4 

360* 

5 

342* 

6 

7 

341* 

8 

360* 

9 

400* 

10 

398* 

11 

423* 

12 

427* 

13 

475* 

Gasolines  Nos.  7  and  8  give  an  example  of  two  fuels  with  prac- 
tically the  same  gravity  but  greatly  differing  fluidity.  Bingham 
has  shown  that  the  fluidity- vapor  pressure  curves  of  the  aliphatic 
hydrocarbons  are  practically  identical.  This  shows  that  the  vapor 
pressure  or  volatility  is  determined  by  the  fluidity  for  any  of  these 
pure  substances,  and  suggested  an  investigation  of  the  relation 
between  fluidity  and  vapor  pressure  of  gasolines  which  are  mainly 
composed  of  these  hydrocarbons.  The  experimental  determina- 
tion of  the  vapor  pressure  of  gasolines  has  been  found  to  yield 
widely  discordant  results,  because  the  nonhomogeneity  of  the  gaso- 

15  E.  Sorel,  Carbureting  and  Combustion  in  Alcohol  Engines,  translated  by  Woodward  and  Preston, 
p.  165;  1907. 

16  R.  W.  A.  Brewer,  Carburetion  in  Theory  and  Practice,  p.  $y,  London;  1913. 
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lines  makes  the  observed  vapor  pressure  extremely  sensitive  to 
slight  changes  in  the  experimental  conditions. 

Fig.  4  was  plotted  from  data  of  Table  7,  the  fluidities  of  the 
aliphatic  hydrocarbons  and  of  water  being  taken  from  the  tables 
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Fig.  4. — Temperature-fluidity  curves  of  gasolines  and  other  liquids 
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of  Bingham  and  Harrison.17  The  figure  shows  that  kerosene  has  a 
lower  fluidity  or  greater  viscosity  than  water.  Ordinary  commer- 
cial gasoline,  as  in  samples  Nos.  2  and  3,  has  about  the  same 
fluidity  as  octane.     The  curve  for  sample  No.  7  was  omitted  for 


17  E.  C,  Bingham  and  J.  P.  Harrison,  Zeit.  f.  Physikalische  Chemie,  68,  p.  12;  1909. 
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the  sake  of  clearness  as  it  would  approximately  coincide  with  that 
for  heptane.  Most  of  the  aviation  gasolines,  Nos.  4  and  8  to  12. 
ares  hown  to  be  more  fluid  than  heptane  and  less  fluid  than  hexane 
Since  the  temperature-fluidity  relation  for  these  gasolines  is  deter- 
mined by  a  practically  straight  line,  their  fluidity  would  be  deter- 
mined by  specifying  values  at  two  temperatures. 

It  appears  from  Fig.  4  that  fluidity  might  serve  as  an  important 
criterion  of  the  quality  or  suitability  of  a  gasoline  where  volatility 
is  an  important  factor.  It  seems  probable  that  the  fluidity  is  more 
closely  connected  with  the  volatility  than  is  the  density.  The  test 
for  fluidity,  while  it  does  not  give  the  information  obtained  by  a 
fractional  distillation  in  regard  to  the  homogeneity  or  range  of 
boiling  points  of  the  fuel,  is  a  comparatively  simple  test  to  make. 

Fig.  4  does  hot  show  any  indication  of  a  bend  in  the  calibration 
curves  due  to  the  critical  velocity  being  exceeded,  but  fluidities  in 
Table  7  marked  with  an  asterisk  (*)  should  be  accepted  with  cau- 
tion, both  on  account  of  possible  trouble  due  to  the  critical  velocity 
and  to  the  possible  error  due  to  evaporation  of  such  volatile  liquids 
at  high  temperatures. 

VII.  CONCLUSION 

The  usual  method  of  judging  the  volatility  or  suitability  of  a 
gasoline  by  the  density  is  only  a  rough  approximation,  and  fluidity, 
which  may  be  easily  determined  with  a  suitable  viscosimeter, 
might  prove,  either  alone  or  in  conjunction  with  other  tests,  to  be 
a  preferable  criterion.  The  Ubbelohde  viscosimeter,  designed 
primarily  for  use  with  kerosene,  serves  well  enough  for  a  commer- 
cial determination  of  the  fluidity  of  gasoline. 

Washington,  December  20,  1918. 


